Inhibition of protein prenylation by bisphosphonates causes sustained activation of Rac, Cdc42, and Rho GTPases.
N-BPs, which inhibit bone resorption by preventing prenylation of small GTPases, unexpectedly cause the accumulation of GTP-bound, unprenylated Rho family GTPases in macrophages and osteoclasts. In macrophages, this also leads to sustained, Rac-mediated activation of p38. The antiresorptive activity of N-BPs may therefore be caused at least in part, by the accumulation of unprenylated small GTPases, causing inappropriate activation of downstream signaling pathways. Nitrogen-containing bisphosphonates (N-BPs) are potent inhibitors of bone resorption that act by inhibiting farnesyl diphosphate synthase, thereby indirectly preventing the prenylation of Rho family GTPases that are required for the function and survival of bone-resorbing osteoclasts. However, the effect that these drugs have on the activity of Rho family GTPases has not been determined. The effect of N-BPs on the activity of Rho family GTPases in J774 macrophages and osteoclasts was measured using a pull-down assay to isolate the GTP-bound forms. The effect of N-BPs, or decreasing Rac expression using siRNA, on downstream p38 activity was evaluated by Western blotting and apoptosis assessed by measurement of caspase 3/7 activity. Rather than inhibiting GTPase function, loss of prenylation after treatment with N-BPs caused an increase in the GTP-bound form of Rac, Cdc42, and Rho in J774 cells and osteoclast-like cells, which paralleled the rate of accumulation of unprenylated small GTPases. Activation of Rac also occurred with other inhibitors of prenylation of Rho-family proteins, such as mevastatin and the geranylgeranyl transferase I inhibitor GGTI-298. The Rac-GTP that increased after N-BP treatment was newly translated, cytoplasmic unprenylated protein, because it was not labeled with [(14)C] mevalonate, and the increase in Rac-GTP was prevented by cycloheximide. Furthermore, this unprenylated Rac-GTP retained at least part of its functional activity in J774 cells, because it mediated N-BP-induced activation of p38. Paradoxically, although risedronate induces apoptosis of J774 macrophages by inhibiting protein prenylation, the p38 inhibitor SB203580 enhanced N-BP-induced apoptosis, suggesting that Rac-induced p38 activation partially suppresses the pro-apoptotic effect of N-BPs in these cells. N-BP drugs may disrupt the function of osteoclasts in vivo and affect other cell types in vitro by inhibiting protein prenylation, thereby causing inappropriate and sustained activation, rather than inhibition, of some small GTPases and their downstream signaling pathways.